Apples (Malus domestica Borkh) are the good source of phenolic compounds and antioxidants, which are not only potential nutrients but also effective in chronic diseases. Four famous varieties of apple namely Shin Kulu, Amri, Kaja, and Tor Kulu from different areas of Balochistan province were collected and analyzed for phenolic contents and antioxidant activities in methanol-water (80:20% (v/v)) extract by using standard spectrophotometric methods. The results of average extract yields of the antioxidant component obtained in dry weights (dw) of both peel and pulp were found 27.3±0.52g/100g and 19.1±0.21g/100g respectively. The different varieties of apples contain quantity of entire phenolics content on apple peel and pulp ranged from 13.12±0.22mg to 17.87±0.10mg GAE/g dw for peel and 7.21±0.10mg to 11.57±0.08mg GAE/g dw for pulp and total flavonoids content were found from 12.22±0.11mg to 15.30±0.18mg CE/g dw for peel and 6.01±0.03mg to 9.69±0.14mg CE/g dw for pulp. The variations in reducing power of the 10 mg/mL were ranged in peel from 2.139 to 2.725 and pulp from 1.181 to 1.724. The variations in the inhibition of DPPH scavenging activity of the 80% methanolic extracts were seen from 79.6% to 67.6% in peel and 57.8% to 41.2% in pulp. The variations were also found on the basis of genotype, soil fertility, care of watering and climate of the area. The results reveal high concentration of phenolics content, flavonoids content and antioxidant capacity in peel than pulp, so the consumption of peel with fruit might be strongly recommended to achieve better nutritional benefits.
Introduction
During the normal cellular metabolism molecular species with unpaired electrons are formed, which are unstable, short lived and highly reactive inside body of living organism, are called free radicals [1] , which behave like oxidants or reductants. These chemical species usually trigger chain reactions, which damage the body cells of the living organism. Reactive Oxygen Species (ROS) and Reactive Nitrogen Species (RNS) are the most important pro-oxidant/oxidants (free radicals) which are formed during metabolic reactions, due to their harmful effects.
Several harmful chemical compounds are formed in a human body [2] . The ROS results in the production of abnormal cells and tissues due to the oxidation of poly-unsaturated fatty acids of the cell membranes. Excess of free radical formation (ROS/RNS) and having less antioxidant defenses causes imbalance, so due to high concentration and high reactive nature of free radical oxidative stresses are produced, which further react with other important bio-molecules such as proteins, DNA, cell membrane, nucleic acids and lipids [3] . These stresses initiate diseases like cancer, cardiovascular, arthritis, diabetes, emphysema, cirrhosis and ageing [4, 5] . Free radicals in the form of ROS are either generated endogenously in internal cellular organs like mitochondria, endoplasmic reticulum and peroxisomes [6] or exogenously due to alcohol, cigarette smoking, transition metals like Cd, Hg, Pb, As, Co etc, pesticides, UV rays, high temperature, smoked or fried fatty meat and drugs [7] . Antioxidants 
Sample preparation
Firstly, samples of apple fruit were washed properly with tap water followed by peeling off with the help of a knife. After removing of seeds, the pulp and peel of the fruit were homogenized separately with the help of a juicer (Westpoint-1844-Juicer-BlenderMincer). As the level of water content in apple fruit verities is different, all calculations were made on the basis of dry matter for dry matter determination according to a procedure reported previously [34] . The extraction and extraction yield are explained in the following paragraphs briefly. Mo(V) The apple's peel or pulp extract (30mg/mL) mixed well with 5mL FCR (which had already been diluted 10 times with deionized water). Then 4mL of 7.5% (w/v) of Na2CO3 solution was added to the above mixture and incubated at 25 o C for about 20 minutes. The absorbance of the resulted product was measured at λmax. of 760 nm against a reagent blank. The total phenolic contents in the samples were estimated from the regression equation obtained by the subject procedure from a calibration curve between the absorbance and a series of standards (60-300µg/mL) of gallic acid. The final results for phenolic contents in samples were calculated as mg/g dry weight of samples. Determination of total flavonoid contents For the determination of total flavonoid contents (TFC) in the methanolic extract of apple's peel and pulp, a reported method with slight modifications was employed [36] . In this method, Al 3+ makes a complex with hydroxyl functionality present in flavonoids which absorbs visible radiation at a λmax. of 510 nm. For the estimation of TFC in extracts (mg/g dry weight), a regression equation obtained from the calibration curve between the absorbance intensity on the ordinate and catechin concentration (20-100µg/mL; R 2 = 0.9978) on abscissa was employed. In brief, the experimental procedure for TFC estimation is as: 1mL of catechin standard or methanolic extract (0.2mg/mL) diluted to 3mL with methanol in a test tube followed by the addition of 5% (w/v) NaNO2 aqueous solution, after 5 min, 0.3mL of 10% (w/v) AlCl3 aqueous solution and after 6 min, 2mL of 1.0 M NaOH. Finally, the mixture was diluted to 10mL with distilled water and after incubation for 30 min at room temperature; the absorbance was measured spectrophotometrically at λmax. of 510 nm against a reagent blank. Reducing power capacity assay A reported method [37] with minor modification was employed for assessing the ferric reducing power of the apple's pulp and peel extracts. The generated ferrous was then coupled with ferricyanide to make a Prussian blue colored charge transfer complex with a λmax. of 700 nm. The reducing activity of a substance may serve as a significant indicator for its potential antioxidants capacity. The procedure in brief is as: 1 mL of either extract or ascorbic acid standards (2-10mg/mL) was taken in a test tube followed by the addition of 3mL of 0.2 M sodium phosphate buffer (pH = 6.6), 3mL of 1% (w/v) potassium ferricyanide solution, incubation at 50 o C in a water bath for about 20 min and addition of 3mL of trichloro acetic acid. The reaction mixture was then centrifuged at 3000 rpm for 15 min and 3mL of supernatant was recovered and added 3mL of distilled water followed by the addition of 1mL of 0.1% (w/v) ferric chloride resulting in the appearance of Prussian blue color whose intensity was measured at 700 nm against a reagent blank. DPPH scavenging assay DPPH (2,2-Diphenyl-1-picrylHydrazyl) is a dark violet color crystalline organic compound composed of stable free radical molecules. The mechanistic approach of the method is based on the scavenging of DPPH radicals by antioxidants present either in the working standards or extract of apple and thus inhibiting the absorbance intensity at λmax. of 517 nm. During the redox reaction, a hydrogen is donated from an antioxidant to DPPH with the simultaneous generation of reduced DPPH and its dark violet color turns into dark red to light yellow color indicating the direct antioxidant activity of either standards or samples. The reaction scheme for the redox reaction is as follows: DPPH. +H-A  DPPH-H + A. The DPPH radical scavenging capacity of the extracts and standards were measured according to a reported procedure [38] with few modifications. In brief, the determination procedure is as: 2mL (0.4mg/ml) of fresh methanolic extract was added to a test tube containing 3mL methanolic solution of DPPH (0.004 % w/v) followed by incubation in dark at room temperature for almost 30 min. Absorbance intensity of the test solution was measured at λmax. of 517 nm against a reagent blank. The % inhibition activity (%I) was calculated employing the following equation: %I= {(A0 -A1)/A0} × 100 Where, Ao is the absorbance of the control and A1 is the absorbance of extract or standard.
Statistical analysis
Four different samples of each fruit cultivar peel and pulp separately were assayed randomly. Each sample was analyzed individually in triplicate and data are reported as Mean (n = 3) ± SD.
Results and discussion Extraction yield
On the basis of dry weight, the peel and pulp of the studied varieties of apple yielded an appreciable amount of extractable matter with aqueous methanol. The mean extraction yield of antioxidant components was found to be 27.3g/100g for peel and 19.1g/100g for pulp, which showed higher extraction yield for peel than pulp. The relative major differences in the yield of peel and pulp in same fruits might be due to the variation in the chemical composition of different tissues of apple [39] . Total phenolics and flavonoids contents The table 1 indicates the total phenolic content, calculated as Gallic Acid Equivalent (GAE), and the total flavonoids contents which was expressed as Catechin Equivalent (CE), of 80% methanolic extracts of apple's peel and pulp separately. The calibration curves obtained between the absorbencies and concentrations of gallic acid over the range of 60-300µg/mL at λmax. of 760 nm and catechin over the range of 20-100µg/mL at λmax. of 510 nm are shown in the figures 1 and 2 with regression equations of y = 0.007x + 0.0011 (R 2 = 0.9983) and y = 0.0036x + 0.005 (R 2 = 0.9978) respectively (where y is absorbance intensity and x is the concentration in mg/L). Total phenolic contents ranged from 13.12mg to17.87mg GAE/g in peel extracts and 7.21 to 11.57mg GAE/g in the pulp extracts of the different tested verities. Tor Kulu peel's extracts showed significantly high contents of total phenolic contents i.e. 17.87mg GAE /g as reported previously [40] . The quantity of nutrients and highly valuable components such as phenolic compounds in fruits depends upon genotypes, fruit tissues, and the maturity level of fruits, soil fertility and climatic or environmental aspects. The fruits which are not peeled have higher quantity of phenolic contents and their consumption is good for health [41] . 
Measurement of reducing power
In this assay, the generated amount of Fe 2+ as a result of the reducing power of apple extract is monitored by the measurement of the intensity of blue coloration at 700 nm. A sample of higher absorbance value indicated high reducing power, thus high antioxidant activity [43] . In this procedure of reducing power measurement of the extract of apple (peel or pulp), various quantities (2, 4, 6, 8 and 10mg/mL) of the dried residue were taken for the measurement of antioxidant activities. As the amount of the residue was increased, the increase in the absorbance intensity was also observed. Figure 3 shows the reducing power of the different extracts of different cultivars of apple. The variations in reducing power of the 10mg/mL were ranged in peel from 2.139 to 2.725 and pulp from 1.181 to 1.724. The reducing power capability of extracts of apple fruit (peel or pulp) of the given analysis was comparatively near to those reported in extracts of Logan fruits [44] . The reducing power capability of apple's peel extracts was higher than the pulp extracts. The reason might be the presence of higher concentration of reductants in the form of phenolic compounds present in the outer tissues (peel) of the fruits than the inner tissues (pulp) [45] . DPPH radical scavenging activity DPPH free radical assay is used to evaluate the scavenging capacity of antioxidants present in the plants/fruits extracts. It is a time saving assay and can be applied to analyze many samples is less time.
Moreover, this method is incredibly sensitive even at low concentration of antioxidants. Scavenging capacity of apple peels and pulps extracts were analyzed by DPPH free radicals and compared with ascorbic acid (standards). The absorbances were recorded after 30 minutes when highest variation in scavenging capacity was found then that record is used for calculation. Figure 4 shows the DPPH radical scavenging capacities of different extracts of different apple varieties. The scavenging activity in all apple peel extracts were found higher, ranging from 79.6 to 67.6% compared to the apple pulp extracts, ranging from 41.2 to 57.8%. Among the peel extracts of different varieties of apple, Tor Kulu exhibited the highest scavenging activity i.e. 79.6%, while the Amri showed the lowest scavenging activity i.e. 67.6%. In pulp extract of different varieties, the highest scavenging activity 57.8% showed by Tor Kulu and the lowest 41.2% was recorded for Amri and the data showed close agreement with the previously reported data. In the previously reported study, 1mg/mL residue of peel and pulp extracts have shown 78 and 55% scavenging activity respectively. It is clear from the observed results that the high DPPH radical scavenging activity in peel extracts than pulp extracts might be related to the presence of the largest quantity of antioxidants in the form of phenolic compounds and flavonoids [46] . So, the consumption of apple fruit without peel may induce loss of these valuable phytonutrients, which scavenge the free radicals and delay the cellular damage inside the bodies of living organisms. 
Conclusions
In this study, the TPC, TFC, reducing power of antioxidants and DPPH %inhibition of peels and pulps extracts of four varieties of apple collected from the different areas of some districts of Balochistan were analyzed. The peels of all varieties were found rich in phenolic and flavonoid contents, reducing power of antioxidants and DPPH scavenging activity than pulp. Among four apple varieties analyzed, Tor Kulu was found to be rich in all these measured variables comparing to other varieties. Based on the obtained results, it is concluded that apple peel removal may provoke for loss of considerable nutrients. As with many other fruits and vegetables, apple consumption along with peel could provide more nutritional and health benefits. 
